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(57) ABSTRACT

A charge-discharge management system according to the
present disclosure includes a plurality of electric vehicles
wherein each electric vehicle has a storage battery, a charge-
discharge facility that charges and discharges the storage
batteries of the plurality of electric vehicles, and a charge-
discharge management device that controls charging and
discharging actions of the charge-discharge facility. Each
clectric vehicle of the plurality of electric vehicles 1s con-
figured to exchange electricity of the storage battery of the
clectric vehicle of the plurality of electric vehicles by
another electric vehicle through the charge-discharge facil-
ity. The charge-discharge management device switches,
according to an electricity buying price, a charging action
between an action of charging the storage batteries of the
plurality of electric vehicles by the charge-discharge facility
and an action ol charging the storage batteries of the
plurality of electric vehicles by exchanging electricity of the

storage batteries between the plurality of electric vehicles.
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CHARGE-DISCHARGE MANAGEMENT
SYSTEM

INCORPORAITION BY REFERENCE

The disclosure of Japanese Patent Application No. 2019-
058228 filed on Mar. 26, 2019 including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to a charge-discharge man-
agement system that manages charging and discharging
actions of a plurality of storage batteries.

2. Description of Related Art

Japanese Patent Application Publication No. 2010-81722
(JP 2010-81722 A) describes a charge-discharge manage-
ment device that creates and implements a charge schedule
of an electric vehicle up to the time when the electric vehicle
1s used, so as to maximize the profit of the consumer.

SUMMARY

The charge-discharge management device described in JP
2010-81722 A does not take ito account the profit of a
consumer 1n a case where a plurality of electric vehicles 1s
connected to a charge-discharge facility. Therefore, 1t has
been hoped that a technology would become available that
aims to increase the profit of a consumer who owns (or
manages) a plurality of electric vehicles 1n a charge-dis-
charge facility retaining those electric vehicles.

The present disclosure has been contrived in view of this
problem, and an object thereof 1s to provide a charge-
discharge management system that can increase the profit of
a consumer.

A charge-discharge management system according to the
present disclosure includes a plurality of electric vehicles
cach having a storage battery, a charge-discharge facility
that charges and discharges the storage batteries, and a
charge-discharge management device that controls charging
and discharging actions ol the charge-discharge facility.
Each of the electric vehicles i1s configured to be able to
exchange electricity of the storage battery with another
clectric vehicle through the charge-discharge facility. The
charge-discharge management device switches, according to
an electricity buying price, a charging action of the storage
batteries between an action of charging the storage batteries
by the charge-discharge facility and an action of charging
the storage batteries by exchanging the electricity of the
storage batteries between the electric vehicles.

In the charge-discharge management system according to
the present disclosure, the charge-discharge management
device may discharge electricity of the storage batteries to an
clectric power system by controlling the charge-discharge
facility according to an electricity buying price and/or an
clectricity selling price. This configuration can further
increase the profit of the consumer, for example, by dis-
charging the electricity of the storage batteries to the electric
power system when the electricity selling price 1s high.

The charge-discharge management system according to
the present disclosure switches, according to an electricity
buying price, the charging action of the storage batteries
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2

between the action of charging the storage batteries by the
charge-discharge facility and the action of charging the
storage batteries by exchanging electricity of the storage
batteries between the electric vehicles. Thus, this system can
increase the profit of the consumer.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the disclosure will be
described below with reference to the accompanying draw-
ings, 1 which like numerals denote like elements, and
wherein:

FIG. 1 1s a schematic diagram showing the configuration
ol a charge-discharge management system that 1s an embodi-
ment of the present disclosure;

FIG. 2 1s a flowchart showing the flow of a charge-
discharge plan creating process that 1s an embodiment of the
present disclosure;

FIG. 3 1s a chart showing changes in an electricity selling
price and an electricity buying price, and charge-discharge
schedules of storage batteries of electric vehicles 1n calcu-
lation patterns 1 to 4; and

FIG. 4 1s a graph showing electricity costs 1n control
patterns 1 to 4.

DETAILED DESCRIPTION OF EMBODIMENTS

The configuration and operation of a charge-discharge
management system that 1s an embodiment of the present
disclosure will be described below with reference to the
drawings.

Configuration

First, the configuration of the charge-discharge manage-
ment system that 1s an embodiment of the present disclosure
will be described with reference to FIG. 1.

FIG. 1 1s a schematic diagram showing the configuration
of the charge-discharge management system that i1s an
embodiment of the present disclosure. As shown 1n FIG. 1,
a charge-discharge management system 1 that 1s an embodi-
ment of the present disclosure 1s a system that manages
charging and discharging actions of storage batteries of a
plurality of electric vehicles 2 retained by an electric vehicle
(EV) station, and includes, as main constituent elements, the
clectric vehicles (EVs) 2, a plurality of charger-dischargers
3, and a charge-discharge management device 4. The
charge-discharge management system 1 can be applied to a
service ol renting or sharing electric vehicles, a service of
managing electric vehicles on a housing-complex basis, a
virtual power plant service using the storage batteries of
electric vehicles, and other services.

The electric vehicles 2 each have a chargeable-discharge-
able storage battery, and are owned (or managed) by a
consumer who manages the EV station. The storage battery
of each electric vehicle 2 1s configured such that electricity
of the storage battery can be exchanged with another electric
vehicle 2, 1.e., inter-vehicle charge and discharge can be
performed, through the charger-discharger 3. While the
clectric vehicles 2 are used in this embodiment, the scope of
application of the present disclosure 1s not limited to the
clectric vehicles 2; any vehicles equipped with a chargeable-
dischargeable storage battery, for example, hybrnid vehicles
(HVs) or plug-in hybrid vehicles (PHVs), may also be used.

The charger-discharger 3 1s provided for each electric
vehicle 2, and charges and discharges the storage battery of
the electric vehicle 2 connected to the charger-discharger 3
in accordance with a control signal from the charge-dis-
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charge management device 4. While the charger-discharger
3 1s provided for each electric vehicle 2 1n this embodiment,
a plurality of electric vehicles 2 may be connected to one
charger-discharger 3.

The charge-discharge management device 4 controls
charging and discharging actions of the storage batteries of
the electric vehicles 2 by controlling the charger-dischargers
3, and exchanges electricity with an electric power system 3
through an EV station grid.

In the charge-discharge management system 1 having
such a configuration, the charge-discharge management
device 4 executes a charge-discharge plan creating process
shown below to thereby increase the profit of the consumer
who manages the charge-discharge management system 1.
In the following, an operation of the charge-discharge man-
agement device 4 when executing the charge-discharge plan
creating process will be described with reference to the
flowchart of FIG. 2.

Charge-Discharge Plan Creating Process

FIG. 2 1s a flowchart showing the flow of the charge-
discharge plan creating process that 1s an embodiment of the
present disclosure. At a timing when a command to execute
the charge-discharge plan creating process 1s mput into the
charge- dlscharge management device 4, the flowchart
shown 1n FIG. 2 1s started and the flow of the charge-
discharge plan creating process moves to the process of step
S1.

In the process of step S1, the charge-discharge manage-
ment device 4 acquires information on a usage schedule of
the electric vehicles 2 connected to the charger-dischargers
3, such as the starting date and time of usage of the electric
vehicles 2. The usage schedule information may be acquired
from a database 1n which users of the electric vehicles 2 have
registered the usage schedule information i advance, or
may be inferred from a usage history of the user of each
clectric vehicle 2 (e.g., the user uses the electric vehicle 2
during morning hours on weekdays). Thus, the process of
step S1 1s completed, and the tlow of the charge-discharge
plan creating process moves to step S2.

In the process of step S2, the charge-discharge manage-
ment device 4 communicates with an electric power com-
pany for information and thereby acquires information on an
clectricity selling price and an electricity buying price
(information on electricity selling and buying prices) that
fluctuate dynamically according to a demand and supply
status of the electric power system 5. Thus, the process of
step S2 1s completed, and the flow of the charge-discharge
plan creating process moves to step S3.

In the process of step S3, by using the information
acquired by the processes of step S1 and step S2, and
previously acquired information on the state and perfor-
mance of the storage battery (the current capacity, full-
charge capacity, upper-limit charge power, instantaneous
charge power, upper-limit discharge power, mstantaneous
discharge power, etc.) of each electric vehicle 2 connected to
t]
C

e charger-dlscharger 3, the charge-discharge management
evice 4 determines Whether or not a period covered by the
charge-discharge plan to be created includes a period 1n
which the electricity cost of the EV station can be reduced
by inter-vehicle charge and discharge. When there i1s a
period 1n which the electricity cost of the EV station can be
reduced by inter-vehicle charge and discharge (step S3: Yes),
the charge-discharge management device 4 creates a storage
battery charge-discharge schedule including actions of
charging and discharging the storage batteries by inter-
vehicle charge and discharge (step S4). Specifically, the
charge-discharge management device 4 creates a storage
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4

battery charge-discharge schedule in which the charging
action of the storage batteries 1s switched between an action

of charging the storage batteries by the charger-dischargers
3 and an action of charging the storage batteries by inter-
vehicle charge and discharge, according to the electricity
buying price acquired from the electric power company. On
the other hand, when there 1s no period in which the
clectricity cost of the EV station can be reduced by inter-
vehicle charge and discharge (step S3: No), the charge-
discharge management device 4 creates a storage battery
charge-discharge schedule that does not include actions of
charging and discharging the storage batteries by inter-
vehicle charge and discharge (step S5). Thereafter, the
charge-discharge management device 4 charges and dis-
charges the storage batteries by controlling the charger-
dischargers 3 i1n accordance with the charge-discharge
schedule.

More specifically, in the processes of step S3 to step S5,
the charge-discharge management device 4 solves the prob-
lem of minimizing an electricity selling and buying cost C
(the price of electricity bought from the electric power
company—the price of electricity sold to the electric power
company) of the EV station, expressed by the following
Formula (1), n the period covered by the charge-discharge
plan created (time t=start to end), while meeting restrictive
conditions expressed by the following Formulae (2) to (7).

end (]_)
C = f (Pbx Pgin— Ps+ Pgoun)dr
St

art

Ec i(t 1) =1 (2)

i (3)
Pgin = Z (Pi_i—Po_i)
1
” (4)
Pgout = Z (Po 1—P1 1)
1
0<P11<PiMax in (3)
0 < Po 1< PoMax 1 (6)
(7)

!
0 < Emax 1xEc 1+ f (P1_1— Po_1)dr < Emax 1
0

Here, 1n Formulae (1) to (7), Pb 1s an electricity buying
price [yen/’kWh]; Ps 1s an electricity selling price [yen/
kWh]; Pgin 1s power (20) [kW] charged to the EV station
orid; Pgout 1s power (20) [kW] discharged from the EV
station grid; 1 (=1 to n) 1s a unique identifier for distinguish-
ing n electric vehicles 2 from one another; T_1 1s time (1) to
hand over an 1-th electric vehicle 2; Ec_1 1s a state-of-charge
(current capacity/full-charge capacity) [-] of the 1-th electric
vehicle 2; Pi_1 1s instantaneous charge power (20) [kKW] of
the 1-th electric vehicle 2; Po_1 1s instantaneous discharge
power (z0) [kW] of the 1-th electric vehicle 2; PiMax_1 1s
upper-limit charge power (=0) [kW] of the 1-th electric
vehicle 2; PMaxo_1 1s upper-limit discharge power (=0)
[KkW] of the 1-th electric vehicle 2; and Emax_1 1s a full-
charge capacity [kWh] of the 1-th electric vehicle 2.

The electricity buying price Pb, electricity selling price
Ps, charge power Pgin, discharge power Pgout, instanta-
neous charge power Pi1_1, and instantaneous discharge power
Po 1 are functions of time. The restrictive condition
expressed by Formula (2) 1s a restriction that the state-oi-
charge at the time to hand over the electric vehicle 2 should

be 100% (not limited to 100%). The restrictive condition
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expressed by Formula (3) 1s a restriction that the power Pgin
charged to the EV station grid should be the sum of
differences between the instantaneous charge power P1_1 and
the instantaneous discharge power Po_1 of all the electric
vehicles 2. The restrictive condition expressed by Formula
(4) 1s a restriction that the power Pgout discharged from the
EV station grid should be the sum of differences between the
instantaneous discharge power Po_1 and the instantaneous
charge power Pi1_1 of all the electric vehicles 2. The restric-
tive condition expressed by Formula (5) 1s a restriction that
the instantaneous charge power Pi_1 should not be larger
than the upper-limit charge power PiMax_1. The restrictive
condition expressed by Formula (6) 1s a restriction that the
instantaneous discharge power Po_1 should not be larger
than the upper-limit discharge power PoMax_1. The restric-
tive condition expressed by Formula (7) 1s a restriction that
the capacity of the storage battery remaining after the
storage battery 1s charged or discharged from the current
capacity should not be smaller than zero nor larger than the
tull-charge capacity Emax_1.

By solving the problem of minmimizing the electricity
selling and buying cost C of the EV station expressed by
Formula (1), the charge-discharge management device 4 can
create a charge-discharge schedule of the storage batteries of
the electric vehicles 2 that can minimize the electricity cost
of the EV station in the period covered by the charge-
discharge plan created.

As has been clarified by the above description, 1n the
charge-discharge management system 1 that 1s an embodi-
ment of the present disclosure, the charge-discharge man-
agement device 4 switches, according to an electricity
buying price, the charging action of the storage batteries
between the action of charging the storage batteries by the
charger-dischargers 3 and the action of charging the storage
batteries by inter-vehicle charge and discharge. Thus, this
system can reduce the electricity cost of the EV station and
increase the profit of the consumer.

The charge-discharge management device 4 may dis-
charge the electricity of the storage batteries to the electric
power system by controlling the charger-dischargers 3
according to the electricity buying price and/or the electric-
ity selling price. This configuration can further increase the
profit of the consumer, for example, by discharging the
clectricity of the storage batteries to the electric power
system when the electricity selling price 1s high.

In an example, charge-discharge schedules of three elec-
tric vehicles for a period covered by a charge-discharge plan
created (24 hours (from 0:00 to 0:00 the next day)) were
created under the preconditions (1) to (7) listed below, for
the following four cases: a case where electricity was
continuously charged from the start of control until the
storage batteries of the electric vehicles were tully charged
(calculation pattern 1); a case where electricity was charged
exclusively during hours when the electricity buying price
was low (calculation pattern 2); a case where, 1n addition to
the actions of the calculation pattern 2, inter-vehicle charge
and discharge was performed (calculation pattern 3); and a
case where, 1n addition to the actions of the calculation
pattern 3, electricity was discharged exclusively during
hours when the electricity selling price was high (calculation
pattern 4).

(1) The charge-discharge powers of the storage batteries
were equal at 6 [KW].

(2) The full-charge capacities of the storage batteries were
equal at 60 [KWh)].
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(3) The 1mitial capacities of the storage batteries of electric
vehicles No. 1, 2, and 3 were 45, 30, and 50 [kKWh],
respectively.

(4) The electric vehicles were returned at 9:00 and then
control was started.

(5) The electric vehicles No. 1 and No. 2 were handed
over at 12:00 and 15:00, respectively, and these electric
vehicles were freed from control after hand-over.

(6) Not scheduled to be handed over, the electric vehicle
No. 3 was fully charged by 24:00 before standing by.

(7) The electricity selling price and the electricity buying
price changed with time as shown in FIG. 3 (dynamic
pricing).

FIG. 3 1s a chart showing changes in the electricity selling
price and the electricity buying price, and the charge-
discharge schedules of the storage batteries of the electric
vehicles 1n the calculation patterns 1 to 4. FIG. 4 1s a graph
showing the electricity costs in cases (control patterns 1 to
4) where charge and discharge of the storage batteries of the
clectric vehicles were controlled in accordance with the
charge-discharge schedules of the calculation patterns 1 to 4.
In FIG. 3, lines L1 to L5 respectively represent the elec-
tricity buying price, the electricity selling price, the charge-
discharge schedule of the storage battery of the electric
vehicle No. 1, the charge-discharge schedule of the storage
battery of the electric vehicle No. 2, and the charge-dis-
charge schedule of the storage battery of the electric vehicle
No. 3.

As shown in FIG. 3, in the calculation pattern 1, the
storage batteries of the electric vehicles started to be charged
as soon as control was started, and control was completed at
a timing when the states-of-charge of the storage batteries of
the electric vehicles became 100%. As shown 1n FIG. 3, 1n
the calculation pattern 2, by contrast, the storage batteries of
the electric vehicles No. 1 and No. 2 started to be charged
as soon as control was started, while the storage battery of
the electric vehicle No. 3, which was not scheduled to be
handed over and had only to be fully charged by 24:00
betore standing by, 1s charged during the period from 22:00
to 0:00 the next day when the electricity buying price was
lowest. Thus, as shown 1n FIG. 4, the control pattern 2 based
on the calculation pattern 2 achieved a larger reduction in the
clectricity cost than the control pattern 1 based on the
calculation pattern 1.

As shown in FIG. 3, 1n the calculation pattern 3, the power
Pgin charged to the EV station grid was kept at zero during
the period from 12:00 to 20:00 by performing inter-vehicle
charge and discharge between the electric vehicles No. 1 and
No. 2 and the electric vehicle No. 3, in addition to the actions
of the calculation pattern 2. Thus, as shown in FIG. 4, the
control pattern 3 based on the calculation pattern 3 achieved
an even larger reduction in the electricity cost than the
control pattern 2 based on the calculation pattern 2. As
shown 1n FIG. 3, in the calculation pattern 4, the storage
battery of the electric vehicle No. 3 was discharged and the
discharged electricity was sold during the period from 14:00
to 17:00 when the electricity selling price was high, in
addition to the actions of the calculation pattern 3. Thus, as
shown 1n FIG. 4, the control pattern 4 based on the calcu-
lation pattern 4 achieved an even larger reduction in the
clectricity cost than the control pattern 3 based on the
calculation pattern 3.

This result has confirmed that controlling charge and
discharge of storage batteries of electric vehicles by using
inter-vehicle charge and discharge according to the electric-
ity buying price and/or the electricity selling price as 1n the
present disclosure can increase the profit of the consumer.
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While the embodiment to which the disclosure contrived
by the present inventors 1s applied has been described above,
the applicable embodiment 1s not limited by the description
and the drawings that constitute part of the disclosure of the
present disclosure based on the embodiment. For example,
in the above embodiment, charge and discharge of the
storage batteries of the electric vehicles are controlled
according to the electricity buying price and/or the electric-
ity selling price. Alternatively, charge and discharge of the
storage batteries of the electric vehicles may be controlled
according to a demand and supply status of an electric power
company that does not necessarily appear in the price, such
as the voltage, frequency, etc. of electricity supplied from
the electric power company. Thus, the scope of the present
disclosure 1ncludes all other embodiments, examples, oper-
ating techniques, etc. that are contrived by those skilled 1n
the art based on the embodiment.

What 1s claimed 1s:

1. A charge-discharge management system comprising a
plurality of electric vehicles wherein each of the electric
vehicles has a storage battery, a charge-discharge facility
that charges and discharges the storage batteries of the
plurality of electric vehicles, and a charge-discharge man-
agement device that controls charging and discharging
actions of the charge-discharge facility, wherein:

cach electric vehicle of the plurality electric vehicles 1s

configured to be able to exchange electricity of the
storage battery of the electric vehicle of the plurality of
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clectric vehicles with another electric vehicle of the
plurality of electric vehicles through the charge-dis-
charge facility; and

the charge-discharge management device switches,

according to an electricity buying price, a charging
action of the storage batteries of the plurality of electric
vehicles between an action of charging the storage
batteries of the plurality of electric vehicles by the
charge-discharge facility and an action of charging the
storage batteries of the plurality of electric vehicles by
exchanging electricity of the storage batteries of the
plurality of electric vehicles between the plurality of
clectric vehicles.

2. The charge-discharge management system according to
claim 1, wherein the charge-discharge management device
discharges electricity of the storage batteries of the plurality
ol electric vehicles to an electric power system by control-
ling the charge-discharge facility according to an electricity
buying price and/or an electricity selling price.

3. The charge-discharge management system according to
claim 1, wherein the exchanging of electricity of the storage
batteries of the plurality of electric vehicles between the
plurality of electric vehicles includes charging a storage
battery of a first electric vehicle of the plurality of vehicles

using power supplied by discharging a storage battery of a
second electric vehicle of the plurality of vehicles.
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